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@ Motivation

0 Provide 3D flow solver integrated with CRTech
simulation products
= Conjugate Heat Transfer with Radiation and 1D Fluid Flow
* Will be released with Version 6.2

= Work in progress: Coupling 1D and 3D fluid flow
* FloCAD <-> Fluent

TFAWS
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0 Partnership with ANSYS since 2018

= Qutstanding support and project facilitation
= Longer term ideas for Workbench/Mechanical integration
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7@ Applications

Cryogenic tanks

Aeroheating

Regenerative cooling for nozzles
Ground service cooling

Crew comfort

Green building design
Turbomachinery

TFAWS
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2 ANSYS
@ System Coupling

o Platform for integrating 3" party applications with ANSYS
simulation products
= Coordinates co-simulation of two or more “participants”
« Launches participants, synchronizes data transfers
= API provided to connect with System Coupling
= GUI or script driven

TFAWS
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ANSYS
\n sys =R {/ CsR TECHNOLOGIES®

Coupling \

ANSYS CRTech

2

2

. ) ) . <
Simulation Simulation o
3

Products Products ¢
0

Fluent Thermal Desktop d
CFX SINDA/FLUINT E
Mechanical TD Direct 3



RANALYSIS WORKSHOP

2 Participant Implementation
@ ANSYS API + OpenTD

VlR-l:rfl:JﬁL\/'V2§20
gyjzri / CRTech_AN SYS_CoupIer.exe\
Coupling ANSYS C++ System

Coupling Participant API

.NET OpenTD CoSolver
object interfaced to

TDSF_CoSolver Participant Library with

Eluent \ : / C++/CLI

OpenTD code called to
launch Thermal Desktop interface
and run specified case mesh
4 N Vi N
Thermal
> Desktop

\_ SpaceClaim.exe  /\ acad.exe I\

Bi-directional OpenTD.CoSolver
link communicates during run
time with CR/ANSYS Coupler

astap.exe

J
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2 Features of ANSYS
@ System Coupling
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0 Transient, Steady State, and Pseudo-Transient

Either participant can be steady or transient

0 Interface coupling options

U O 0O O

Fluent supplies Heat Flux - SINDA/FLUINT supplies Temperature
* Q-T (Neumann-Dirichlet)

Convection Coefficient/Fluid Reference Temperature — Temperature
* Hconv/Tref—T

Interface Quasi-Newton Least Squares stabilization
Under-relaxation and ramping
Coordinate transformation of models

Postprocessing and debug tools
Distributed processing

Restarts

GUI or command line
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@ Steps to Setup Analysis

0 Create working directory and System Coupling input file

2 Place Thermal Desktop surface elements in the domain
“Coupling_Region”

0 Set Fluent interface zones to “Via System Coupling”

0 Add a single line to OPERATIONS to setup
communications with CRTech ANSYS_Coupler

2 Run System Coupling
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i@ Working Folder )
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0 Place Thermal Desktop and Fluent working directories
under a System Coupling working directory

n n Heating Coil = (m] X
File Home Share View (2]
Cut Y 0 New item ~ 5 Open - select all
» 5 X =] iy o
W=l Copy path - 1 | Easy access ¥ Edit Select none
Pinto Quick Copy Paste IO Move Copy Delete Rename — New Properties
ot 7] Paste shorteut = - folder & @History [ Invert selection
Clipboard Organize New Open Select
« o > ThisPC > OS(C) > Users > tim > Documents > ANSYS > Heating Coil v O | Search Heating Col p
A
# Quick access =
Q S~ s -~
o Box Sync . F S P
v = ThisPC n 3 é .
2B 3D Objects CRTech Fluent SyC run.bat run.py
M Desktop
&5 Documents o
5items : :‘;

Create subfolders for each
participant.

limport os
import platform

# Set up and run SC case

i # Load the Fluent SCP file.
MOdIfy run‘py as needed AddParticipant (InputFile *.\\Fluent\\fluent.scp')

AddParticipant (InputFile = '.\\CRTech\\crtech.scp')

The batch file run.bat launches # Add CR Tech participant to the datamodel manually.

dm = DatamodelRoot ()
ANSYS System Coupling which will el el
then automatically read the input # Specify CR Tech Solver executable

crTechExe = '"C:/Program Files/Cullimore and Ring/Thermal Desktop/CRTechSolverWrapper.bat"'
SCript run py chechSolverAExecut%onControl.E.xec\.ltab}e = crTechExe
3 . & crTechSolver.ExecutionControl.WorkingDirectory = './CRTech'
crTechSolver.ExecutionControl.AdditionalArguments = ' --dwg Thermal.dwg --case "Case Set 0"'

The “SyC” folder will be created by
ANSYS System Coupling.
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2 Create Domain
| ‘ “Coupling_Region”

TD Direct / Thermal Desktop

| a9 -¢- = TD Direct - HeatingCoil - SpaceClaim

File Design  Display  Assembly Measue  Facets Repair  Prepare  Workbench ~ Mesh  Detail  SheetMetal  Tools  KeyShot  ThermalDebug [EEESEa

5 L
= / ¥ 6) 2 @R @ 2
v ] k D IR =
4 LA Measureme Grip '
= e Highlight Mesh Ctrl  Thermal M D S Selected  AllinDoc  Doc+Refs  support About
Sefection Edit Tags View Tags Clear Tags Help

Tags

Click an object. Double-click to select an edge loop. Triple-click to select a solid
= Tags

41 . ANSYS
© coil
4 Connector, + "
4 Coupling_Region, +
=58 Material
| B heating_coil
(+8M Submodel
&M COIL

{3 SweepDestination
{3 SweepLayers
{3 SweepSource

Structure Layers Selection Groups Vlews‘Tags‘

Options - Selection a
B Sketch

Snap to grid

Snap to angle Multi-Surface Thermal Editor 6 Entities

Create layout curves Conduction/Capacitance Surface Treatment Radiation Analysis Groups Domains

Name Sides ltems Add

Thermal Desktop L f————
automatically creates the /
interface thermal network

for every node in the
Coupling_Region domain
needed to connect with
Fluent ‘ ‘ -

[ Cancel |
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Set Wall Zone BC /)
@ “Via System Coupl

TFAWS
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Fluent

| Il HeatingCoitFLuEN

“ Domain Physics ned Solution Results View Parallel Design -
Mesh Zones Interfaces Mesh Models Adapt Surface
‘ 6P Display... : [ scale... &) Combine + g Delete... [ Append v | EBMesh... Z] bynamic Mesh... ("] Refine / Coarsen... | + Create +
| Omno « % 7 4 transform  + | Oy Separate v g Deactivate... ™ Replace Mesh... Overset... | 4 Mixing Planes... /R Manage...
|
| El# units... Checky  Quallty v & wake Polyhedra | 2+ Adjacency... & Adivate... O Replace Zone... @ Turbo Topology... | ooo More x
| outine view ¥ Mesh
Filter Text
- Setup
B General
+) © Models

+ &F Materials

+) [ cell zone conditions

=) [0 soundary Conditions

~ coilsurface (wall, id=30)
=% oylinderwalls (wall, id=31)
=37 inflow (velocity-inlet, id=32)

| [0 interior-part-container (interior, id=29)
| 27 outflow (pressure-outlet, id=33)
| Z] Dynamic Mesh

| [E] Reference values
| +) 17, Reference Frames

f Named Expressions

e Zone Name
o coilsurface
5, Methods
Adjacent Cell Zone
. Controls =z
% part-container
[=] Report Definitions
|  ® @ Monitors Momentum | Thermal | Radiaton | Species DPM Multiphase ups Wall Film | Potential | Structure

@ cell Registers

Thermal Conditions
5
| 425 Initialization Heat Fli Wall Thickness (m) g ¥
+) # Calculation Activit
Calculation Activities el »
| ® Run Calculation ianss Heat Generation Rate (w/m3) o -
- Results
D @ suraces Radiation
Mixed

+) ® Graphics
@) via System Coupling

+ | plots 5 4
B rations via Mapped Interface

+ [ Reports
Parameters &

Material Name

ization alusiniin | [edit...

Fluent will obtain
boundary conditions — = e EE
from SINDA/FLUINT ———— ~ =

LTiLiow

outflow
part-container

via System Coupling

Preparing mesh for display...
Done.
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2 SINDA/FLUINT
@ OPERATIONS BLOCK
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A ODEoHEL 2 &< - ¥ Autodesk AutoCAD 2021  HeatingCoil.dwg » | Type a keyword or phrase O, & Panczakt R A (@ - o m) 2
File Edit View Insert Format Tools Draw Dimension Modify Parametric Window Thermal TDMesher Measures Help Express -EX
D H|<x-. 2% WO | B ByLayer ERBHOCQ @ B Sy b, B | B [™ % M
HoOoOm * H ) &
8L o E M= |
=20 @%
* 0y o m p
oditedife) it M
»aoo oLER
w5 o= o % | E
#m o @ o % HD
=80 = o ) X
»m R @@ %
® & m
& . = arnll- ) M
P4 [~ | = IS
B (| %o | ||
B % B %
CALL COSOLVE sets up e M
. . . ELH - A
communication wi Qamx
put Dynamic Initialize Advanced Props Symbols Comments o | =
Global S/F Inputs: Thermal Inputs: Fluint Inputs: o, &} ]
[OPTIONS* 1 [coL [Frow &y z @ 0]
CRTech _ANSYS_ Coupler.exe aly
- — U REGISTER" MAIN Y 3}
TD_MESH A [~ ]
SUBROUTINE 4 l
OUTHER: i Operations Data ) & E
S/F I | t k t t ¥ 4 AB & Comment Selected | ¥ Quick Print B
WIII pause at Key points 1o HO « 8% ot | [y x| S -
Save  Quit Undo d Find Replace White Unco = Pastt
Sele = Decrease Indent [ Print Preview =

Space

supply and receive interface
data

If user defined build, the user must input code around build statement
[od CALL TDPREBL $ Logic in Subroutine Data

C BUILD ALL

c CALL DECS Enables NODMAP in model browser
CALL TDPOSTBL $ Logic in Subroutine Data

CALL TDHTR $ Hold Heater Temps for steady state

BV OOHED

SetINSERT
Directories CALL COSOLVE|
CALL STEADY

STEADY automatically loops
internally until both Fluent and
S/F are converged

TRANSIENT pauses at A
coupling step time intervals oo 5 L L R =

Insert
Filenames:

CALL TDREL $ Release heaters for transient

(One PerLine)

Cancel
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‘ Run System Coupling

System Coupling will launch Fluent and the CRTech-ANSYS coupler

CRTech ANSYS coupler will set up communication pipes, launch TD, and then run specified Case Set

S/F will communicate with System Coupling to supply and receive interface data

CR Tech Solver
Interface: Interface-1

Heonv

RMS Change

values Average
Tref

RMS Change

Values Average

Participant solution status
Fluid Flow_ (Fluent)
CR Tech Solver

Converged
.38E-03
.70E+03

5.85E-03
.66E+03

Not yet converged

.49E-02
.08E+02

Converged
rged

COUPLING ITERATION = 3

Fluid Flow (Fluent)
Interface: Interface-1
temperature
RMS Change
values Average

CR Tech solver
Interface: Interface-1
Hconv
RMS change
values Average
f

Participant solution status
Fluid Flow (Fluent)
CR Tech solver

Shut Down

Timing Summar

Coupling Engine Time
Coupling Participant Time
CR Tech Solver :
Fluid Flow (Fluent)
Total Time

Shutting down compute-node processes

C:\Users\tim\Documents\ANSYS\Heating Coil>_

Converged
9.36E-03
5.06E+02

6.66E-04
0E+03

5.02E-04
3.08E+02

converged

Converged
6

Converged

.15E-02
3.07E+02

.11E+02

8407E+00 |

-4419E+01
. 5986E+02
.8612E+02

RANALYSIS WORKSHOP

TFAWS

VIRTUAL - 2020

_ TS 1 Thermal.dwg e

EEe BH,
e ZE,
BE e TH BN

Grips  Net CAD ~

EHEAEGe - - 3

<124.7

Temperature [C], Time = 0 s, Steady State, Loopct=

D Layout  Thermal The
ame
"3 a
HEAE Fa B4

> Model Checks v Environment

mEN NIY

A

|

Nusber of conductors: 58500

8l Regenerating layout.

EW Enhanced 30 performance is not available for the current visual style.
(command "rcCaseSetResetSymbols")
rcCaseSetResetSymbols
Command: nil

MODEL
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2 ‘ Interface
C Postprocessing
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Convection coefficients, heat flux, and near wall fluid temperatures from Fluent can be displayed

Node Node

>5335 >375: 8
5335 375.8
4861 368.2
4387 25048
3913 2538
3439 2R
2964 8383
2490 230:8
2016 e
.7
1542 _—
308. 2
1068
300. 7
593. 9
<300. 7

Near_Wall_Temperatures. txt
Convection_Coefficients. txt
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2 Example
@ Kegerator Model

2 A more complicated model was developed to showcase
a number of ANSYS and CRTech analysis capabillities

2 A fun model, but also similar to many aerospace tank
and piping issues

TFAWS
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Fluent internal convection

Thermal Desktop thermal modeling
RadCAD internal IR radiation exchange
FIoCAD refrigeration cycle

FloCAD Compartments for keg contents, including CO2
dissolution and evolution

FlIoCAD network for dispensing system
Detailed FEM with system level abstract modeling
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7@ SpaceClaim Geometry

0 Separate SpaceClaim documents for kegerator, keg,
Fluent internal volume and FlIoCAD Compartment

volume were created

TFAWS
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2 Meshes

RANALYSIS WORKSHOP
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i v ;
(e gy

(1111 [
il

Fluent used for fluid mesh, TD Direct for
thermal mesh

Meshes at fluid/structure interface do not
have to be conformal

System Coupling performs a mapping
process to map data from one side of the
interface to the other
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System Coupling )
@ Debug Tools

TFAWS
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0 Mapped element success

B £nsight Standard 2020 R1

File Edit Create Query View Tools Window Case Reports Help

B PEADER FO«f 6 50075 kerdd A\

B+ /b % @70 in ™

parts ax ANSYS
Name Id  Show Color Colorby 2020 R1
* Case1
DEFAULT-2 : Coupling_... 1 B MappedNodes |...
FLUENT-1:keg wall 2 B MappedNodes |..
FLUENT-1 : cabinet wall 3 v = MappedNodes |...
FLUENT-1 : evaporator... 4 v = MappedNodes |...
Contour part 5 ; MappedNodes I...
Variables & x
Name Activated Units Range
¥ Variables
Coordinates v 0 0.669.
Time v 11
* Scalars
. MappedNodes Interface 1 Side2 P... V. 01 E
; o g
> ppedNodes_Interface_1_Side1_Prof_Node
L]
1.000e+00 0
7.500e-01 ;
5.000e-01 o
[
2.500e-01 0
. ¢ 0.000e+00 -1
Variables Annotations Plots/Queries Viewports States
! ]




2 Test Model
@ Characteristics

2 Difficult model for CHT problems
= Natural convection can significantly change flow pattern as
solution converges
» Not always asymptotic convergence
= Biot number greater than one in some areas
* Q-T method is unstable
* Hconv/Tref-T is robust but slow, most common

TFAWS
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0 Interface Quasi-Newton Least Squares method
successfully employed
= Relatively new approach
= Applied to Q term supplied by Fluent
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2 Results using
@ Q-T Coupling Method G
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Unstable

" CHER 12 - = . t » [ Type a keyword or phrase Q& Panczakt ~Rb @-
“ Edit View Inset Format Tools Draw Dimension Modify Parametic Window Thermal TDMesher Measwres Help Express

5| eeRB4AMo ~| W 8yLayer vVESLBHCASBCHAEXIB|LB|=R" % H

— ; — i
[+1iCustom View] Jaffl LS Substrate nodes §=

B

o

&

Edit Statistics Window Help
CLE0 8B emDRE

ol

S5 CoSim\case2.sav

CERE*eR%HE O

STE OQRORN 0960 EFGMRIO@c00 @
PAAIO AP WK e PP ORE @ST DB

—— SHELLT798
SHELL.T799
\ SHELL.T4647
\

ia \
A'Anvz%wmym"& “
ol m‘p %\W / =
" ﬁ,é v ~

Record Number

EEVS D ENSRLUMNC TR T ASVERTIIFINON

VAL
RLOOC

Temper({%urs [€3; 0 s, Steady Stot, Loop

o ——————— A e A e N NS
x = 7 command -
Layout!  Layout2  + moDeL HE i v (L (@Y W~ |ZTr 5 X K S 5l oomszo~ I 8 -+ iw oL
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Simplified Network View
@ Q-T Method Example
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Fluid side Solid side
supplies Q G supplies T
S
Qwai f —®——3+—V
Twall_s TS =1
Gf /
VvV—]/—""1+—V

G | Gg must be less
Tf =0 Twall_f than unity for stability

lterative process:
—  Twau r =Twau s
Qwair f = Gr(Tr — Tyau r)

Qwail s = Qwail f
E— Twall_s - (Gs Ts + Qwall_s) / Gs

:
£
:
]
i
1]
0
4
0
0
3



2 Simplified Network View
@ H/Tref - T Method

TFAWS
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Fluid side

Twall_s = (Gs Ts + Gf Tref) / (Gs + Gf)

- Solid side
supplies H and Tref supplies T
HeonvA G
Trefrw{—_—1—@0——1+—@
[ T Twall_s Ts
G /
.—|—_LI—V
T, T ll
f e _f Gf/ (GS + Gf) IS
lterative process: always less than one

g
—  Twau r =Twau s E
ct
Tref = Tf fﬂ::_
0
o
3




?@ Hco

Results Using
nv/Tref - T Method
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Stable, but very slow. Not converged after 120 iterations.

A DEHBEL &< -5 Autodesk AutoCAD 2021  Kegerator_With_Keg.dwg » | Type a keyword or phrase O, & Panczakt ~RA- @ -OX
File Edit View Insert Format Tools Draw Dimension Modify Parametic Window Thermal TDMesher Measures Help  Express -&X
DB H[~~ |2 5[e% Famo 8l T ERBEHCRMBICHOLKRE|LE =R %
B OO * H 4+ &
#|L| 0 k4 + W
=0 12 || (+1iCustom View]THERMAL_PP] Subcitrote podos oV
*d# 0 i e TN S e m »
cv-x:xo© N U Y |
Bd|e Nodle oLER
& 5| - v % H
*uweo & ¢ i 0
=80~ m X
o mn R & %
L] 0 & 5
e G #
g o= &z ¥
e & %®
«
v | e 2 |
£ 8@ R a
78 a0 >
= 7)) RN S A A
I . ARV S o X
L
= A Edit Statistics Window Help
il = LY Hebl wDBRS
& 4 [ 55 Cosim\case2;sav.
h ®
le = SS CoSim\case2.sav
o #
A el
lm =
E 4 M. — SHELL.T4647
@
[}
o
g
H
8
Temperature [C], Time =
0.6 R
0.4 e
0.2
10,000,000 20,000,000 30,000,000 40,000,000 50,000,000 60,000,000
Record Number b
iX 2 E1v type @ 2
Model . Layout1 = layout2  + MODEL #f i ~ L@' 'é‘@' HRARSE 0015617-@ H-+ DMy =
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2 Thermal Desktop
Results
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[+]{Custom View]THERMAL PP] Substrate nodes

T EE1
[ Yee 2
‘ 2a2

22::03

21. 86

21. 69

Cabinet exterior bottom view

21.92

20. 84 e g :
20. 67 mﬂiﬁ%‘

Noo{e_

Cabinet exterior top view
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Thermal Desktop
Results

TFAWS
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Substrate nodes

Door Seal T [C]

Door Seal
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Thermal Desktop
Results
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[+](Custom View](Shaded] Substrate nodes
T [E] W1 Kege - (]
29 ee’? ListBy Edit Display Query Options Tree Actions Help
HREUSoOABMEEDNL] ]
Compartment Tree
9. 26/ =] FLOW
@ Compartment.1:694C5
€ BEER VOLUME_SOLIDS:2712D
B COMPARTMENT1_BAY1_ERN.1:694C7
4. 677 o Cond(1)[COMPARTMENT1_BAY1_ERN]:694C8
107 FLOW.LUMP.1:694C6 Twin ID=1001
&® FLOW.TIE1:694C9
&5 FLOW.TIE.2:694CA Twinned
4. 087 €3 KEG_INTERIOR_SURFACES:242E2
3. 497
3
2. 907
S
2. 317
5]
1. 727
<)
1. 136
2
0. 5463 E
5 2
-0. 0438 -
5 .
0
-0. 6339 =3
5] cT
¢-0. 6339 E
Node %5 T
Temperaturg .
¥
— — 0
FloCAD Compartment showing liquid level inside keg 3




Thermal Desktop
Results
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Click to animate

[+][Custom View] [THERMAL_PP] SubS _tr\ o _t e hOOleS

Node

g
3
g
0
K]
ct
[/
0
>
0
0
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Temperature [C]l, Time = 0 s, Steady State, Loopct=5/100




7@ Fluent Results 4
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temps_xz temps_yz
Static Temperature Static Temperature
2.83e+02 2.83e+02 o
2.81e+02 2.81e+02
2.79e+02 2.79e+02
2.77e+02 2.77e+02
2.75e+02 2.75e+02
2.73e+02 2.73e+02
2.71e+02 2.71e+02
2.69e+02 2.69e+02
2.67e+02 2.67e+02
2.65e+02 2.65e+02 vel_xz
Velocity Magnitude
2.63e+02 2.63e+02 2.32e-01
(k) (k)
2.08e-01
1.85e-01
1.62e-01
1.39e-01
1.16e-01
9.27e-02
6.95e-02
4.63e-02
2.32e-02
1.92e-08
(mls)
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@ Fluent Results /)
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n scene-1

pathlines-1
Static Temperature

2.83e+02

2.81e+02
t 2.79e+02
2.77e+02
2.75e+02
2.73e+02
2.71e+02
2.69e+02
2.67e+02
2.65e+02
2.63e+02

[k]
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2 Work In Progress
@ FloCAD-Fluent Coupling

2 Combine 1D and 3D fluid flow modeling

= Complimentary solution strategies
« 1D is fast, perfect for system level modeling

* 3D is detailed and captures complex physics,
but computationally expensive

= 3D level of detalil in an entire system level model is intractable
= 1D level of detail may be missing important physics

TFAWS
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0 Use each method where appropriate in a
coupled simulation
= Each has a different, but useful view of the process
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2 ‘ 1D-3D Fluid Coupled
C Applications
2 Valve instability due to system level interactions

= Fluent solves valve dynamics, FIOCAD for system model
= A response surface model of a 3D component is not always
appropriate, there can be unexpected system level influences
0 Pressurization injector/anti-swirl baffle
= Fluent solves in-tank
= FloCAD solves upstream/downstream
= Thermal Desktop solves tank wall and environment

a0 Crew comfort
= FloCAD/Fluent ECS

= Orbital heating
= Human body model
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@ Current Activities

0 ANSYS is currently modifying Fluent via UDF’s to
connect inlet and outlet zones via System Coupling
= Maintains desired “black box” connection via SyC

TFAWS
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2 New FloCAD objects are being developed to represent
Fluent inlets and outlets in a Thermal Desktop model

= Will maintain abstraction for schematic layout, exact 3D
locations not always desired

2 Coupling approach has been verified
= Upstream supplies mass flow rate and temperature
= Downstream supplies pressure
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2 ‘ FIoCAD Scalar to
C 2D Fluent Mesh
0 System Coupling requires a 2D mesh for the interface

0o A fully developed profile generator was developed that
expands scalar FIoCAD data based on Reynolds
number, laminar Nusselt number, pipe radius, average
velocity, and mean/wall temperatures

0 Reconstruction and integration
will be done in the coupler
= FloCAD scalars -> 2D mesh
= 2D Fluent mesh -> scalars
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2 2D Fluent Mesh to
@ FloCAD Scalar
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2 Fluent inlet and outlets connected to System Coupling

Velocities from upstream pipe outlet: and the static pressures from the the same downstream inlet:
4.725¢+00 -4 108001
l 18630400 LR . I 4119001
1380600 3 3 : 4131601
1207e+00 5 -4.142¢-01
1.035¢+00 -4.153¢-01
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are passed to the downstream pipe inlet: are passed back to the upstream pipe's outlet:
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2 ‘ Summary
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0 CHT capability will be available in Version 6.2 release Q4

= Easyto use —
* Proficiency with Fluent and Thermal Desktop recommended
« System Coupling well documented and supported

= Advanced coupling algorithms for stability and speed
= Built-in feature, no additional license

0 1D <—> 3D fluid coupling in progress and proceeding well
= Too early to commit to 6.2, but a possibility

0 CHT available as a beta for interested parties prior to 6.2
= Discussions always welcome

0 Hands-on labs planned for TFAWS 2021
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7@ Questions
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0 Q&A

2 Thank you!
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